The ecology of myxomycetes co existing with the Latridiidae (Coleoptera), bryophytes and ascomycetous, basidiomycetous and anamorphic fungi were studied in Crimea and at different locations on the left bank of Ukraine. Results from the left bank indicate that the Latridiidae feed on myxomycetes. Colonies of the most common 13 myxomycete species (which included Stemonitis axifera (Bull.) Macbr., S. fusca Roth, S. splendens Rost., Fuligo septica (L.) Wigg. and Mucilago crustacea Wigg.) were inhabited by 5 species of the Latridiidae. Myxomycete spores were present in guts of 19 of the 25 beetle specimens investigated. Beetles Latridius hirtus, Enicmus rugosus and E fungicola seem to be obligate myxomycete feeders, while Corticarina truncatella was clearly facultative. 13 species of myxomycetes were recorded on 9 species of moss and 3 species of liverwort developing on decaying wood or bark in the Crimean Nature Reserve. Relations between myxomycetes and bryophytes on woody substrata are spatial rather than trophic, and are possibly regulated by specific microclimatic conditions inside bryophyte thallomes. 69 species of myxomycetes were found co existing with 36 species of ascomycetes, 21 species of basidiomycetes and 9 species of anamorphic fungi in the Crimean Nature Reserve. Associations formed by myxomycetes and fungi on different woody substrata are analyzed.
INTRODUCTION
In terrestrial ecosystems, certain patterns can be found governing the spatial distribution of living organisms. These are connected with trophic, topic and another relations. Autotrophic plants are usually considered the foundation for the resulting consortia (ecological communities originating through co-development of heterogenous groups tightly joined by common activities), since they provide a prime food source, and a substratum on which other organisms can grow. Myxomycetes (also known as slime moulds) often form a part of those consortia, and may also make associations with various other groups of organisms (D u d k a et al. 1976 Dedicated to Professor Alina Skirgiełło on the occasion of her ninety fifth birthday the co-existence of slime moulds with beetles (Coleoptera), bryophytes, ascomycetous, basidiomycetous and anamorphic fungi is briefly reviewed below.
BRIEF HISTORICAL REVIEW
Myxomycetes are frequently associatiated with insects, especially beetles (Coleoptera). S t e p h e n s o n et al. (1994) reviewed slime mould / beetle associations recorded since the end of the nineteenth century, and listed the beetle families most frequently forming these associations as follows: Rhizodidae, Leiodidae, Staphylinidae, Clambidae, Eucinetidae, Sphindidae, Cerylonidae, Latridiidae. The numerous and repeated records of these beetles on the same species of myxomycetes suggested an obligate connexion. Since examination of beetle gut contents usually reveals abundant myxomycete spores, it is clear the beetles feed on them. In fact, some beetle species use not only spores but also plasmodia of slime moulds as a source of nutrition (L a w r e n c e , N e w t o n 1980; W h e e l e r 1980). The term myxomycetophagy has been proposed to describe the phenomenon of beetles deriving nutrition from slime moulds (N e w t o n 1984; N e w t o n , S t e p h e n s o n 1990).
Despite their rather diverse taxonomic range, slime moulds used by beetles as food share a number of morphological, developmental and ecological characters as follows: 1) abundant spores in large simple sporophores or large aethalia which comprise a group of sporangia covered with a common cortex and pillow-like; 2) a long period of sporophore formation during the growing season; 3) long-lasting sporophores; 4) abundance; 5) development on woody substrata; 6) spores with spiny, warty or net-like walls, 4 (5-9)-15 µm diam. (B l a c k w e l l 1984). Arcyria incarnata (Pers.) Pers., Stemonitis axifera (Bull.) Macbr., S. fusca Roth, S. splendens Rost., Lycogala epidendrum (L.) Fr., Stemonaria longa (Peck) Nann.-Brem., Fuligo septica (L.) Wigg., Tubifera ferruginosa (Batsch) Gmel. and others largely match those criteria. S t e p h e n s o n et al. (1994) have shown that myxomycetes of the genus Stemonitis Roth are used as food by 10 beetle genera, Fuligo Hall. by 9, and Arcyria Wigg. and Tubifera Gmel. by 7 each.
The feeding preferences of some beetles for myxomycetes explains their constant association with slime moulds. There is, however, evidence that these beetles also play some part in disseminating myxomycete spores. Observation of Fuligo septica spores from Sphindidae beetle guts has shown that some spores pass through insect intestines without damage and can subsequently germinate, while transfer of spores of Physarum straminipes Lister and F. septica from the exoskeleton surface of Latridiidae beetles to agar medium has also been observed, particularly when there are large numbers of such spores (B l a c k w e l l , L a m a n , G i l b e r t s o n 1982).
Representatives of the family Latridiidae (Coleoptera) are small beetles, no more than 3 mm long, occurring under bark of fallen trunks, in decaying wood and in forest litter. Worldwide about 750 species are known, 55 in Ukraine. Typically they are associated with fungi, in particular anamorphic fungi, ascomycetes and basidiomycetes, predominantly with basidiomata of wood-destroying fungi, where they feed on the spores (H o w a r d , C u r r i e 1932; N e w t o n , S t e p h e n s o n 1990; S t e p h e ns o n et al. 1994 ). Information about associations between the Latridiidae and myxomycetes has been summarized (D u d k a , Tr i k h l e b , Ro m a n e n k o 2002).
The co-existence of myxomycetes and bryophytes has been studied much less than that of slide moulds and beetles. Myxomycete sporophores at the thallome surface of mosses and liverworts are rather widespread in nature (S t e p h e n s o n , S t e m p e n 1994; H ä r k ö n e n et al. 2002 ; S t o j a n o w s k a , Pa n e k 2004). In most cases, however, associations of slime moulds and bryophytes arise accidentally since both components tend to occur on the same substratum -decaying and decomposing wood of deciduous and/or coniferous trees (S t e p h e n s o n , S t u d l a r 1985). It has also been surmised that myxomycetes develop more intensively and occur more frequently on fallen decaying logs overgrown with bryophytes because of their high humidity (S t o j a n o w s k a , Pa n e k 2004). Only a few myxomycetes, in particular Barbeyella minutissima Meylan, Colloderma oculatum (Lipp.) G. Lister and Lepidoderma tigrinum (Schr.) Rost. seem to be true bryophilous species. The first of these species is adapted to rich communities of liverworts, especially Novellia curvifolia and species of the genus Cephalozia which sometimes completely cover the surface of fallen decaying coniferous logs by (S c h n i t t l e r , N o v o z h i l o v 1998; S c h n i tt l e r , S t e p h e n s o n ,
In forest ecosystems many organisms are involved in decomposition of woody substrata. Apart from slime moulds, wood-inhabiting fungi are also active at various stages of succession. Some fungal species are known to develop and sporulate on the surface of myxomycete fruitbodies, using them as a feeding substratum (Ro g e r s o n , S t e p h e n s o n 1993), but that is a case of fungal parasitism on slime moulds and an example of trophic relations which are probably negative for the myxomycete. Other interrelations between myxomycetes and these fungi so far remain almost totally unstudied, although side-by-side co-existence of myxomycetes and fungi on the same woody substatum is rather commonly observed in nature. Such relations appear to be indifferent, but that is only an assumption: exact information is absent not only about the nature of those relations but about also the slime mould and fungal species compositions on which they are based. Co-existence of myxomycetes and true fungi has therefore been studied least of all (Ro g e r s o n , S t e p h e n s o n 1993).
OBJECTIVES
It is clear that the characteristics of the co-existence and of interrelations between myxomycetes and other organisms is still poorly understood. The aim of the present work has therefore been to contribute to that research by identifying myxomycetes associated with Latridiidae family beetles, liverworts, mosses and wood-inhabiting anamorphic, ascomycetous and basidiomycetous fungi collected in different parts of southern Ukraine. This study has also been designed to begin analysis of relations between component members in the associations. Myxomycete colonies (groups of sporophores and aethalia) were sampled in the field from fallen trunks and logs of trees in various stages of wood decay, from fallen branches of various diameters and from decaying stumps. 53 field samples of myxomycetes were collected on woody substrata the left bank study areas and 450 from the Crimean Nature Reserve. 300 samples of woody substrata from that reserve, mainly tree bark, were collected for laboratory detection of myxomycetes, using the moist chamber method (G i l b e r t , M a r t i n 1933; S t e p h e n s o n 1985; N a n n e n g a -B r e m e k a m p 1991). For myxomycete identification, the main manuals on the group were used (N a n n e n g a -B r e m e k a m p 1991; N o v o z h i l o v 1993; S t e p h e n s o n , S t e m p e n 1994). Slime mould nomenclature follows I n g (1999) .
MATERIAL AND METHODS
Of the 53 samples collected from left bank forest plantations, 25 were examined for the presence of Latridiidae in the myxomycete colonies. The biggest colonies were selected from the field samples, then divided into three more or less equal parts and placed in 90 mm sterile Petri dishes with filter paper at the bottom. The dark bodies of beetles emerging from the colony were easily observed against the white surface of the paper. These individuals were then identified, and their gut contents sampled. For identification of beetles the appropriate volume of Fauna Hungariae was used (R ü c k e r 1983). Preparations of gut contents for identification of myxomycetous spores were made in Fore liquid (50 ml distilled water, 20 g chloralhydrate, 40 ml glycerine, 30 g gum-arabic).
In addition to gut content studies of Latridiidae specimens found on slime moulds collected in the field, living Latridius hirtus were kept in the laboratory on aethalia of Fuligo intermedia, to see if L. hirtus can complete its life cycle with only a single feed source present. Pillow-like aethalia of F. intermedia, 0·5-4 cm long, up to 10 mm thick and undamaged by insects were collected in the field. These aethalia were checked for other insect inhabitants using a stereo microscope, then placed in sterile Petri dishes and stored for two weeks to ensured absence of insects. Adult Latridius hirtus individuals were then added, and the dishes were regularly examined to follow development of the successive beetle stages.
Associations between myxomycetes and bryophytes were studied in the Crimean Nature Reserve. Special attention was paid to associations where slime moulds developed sporophores, aethalia or plasmodia directly on the surface of bryophyte thallus or inside it.
Associations between myxomycetes and wood-inhabiting fungi were studied in the Crimean Nature Reserve to identify the component species and assess the influence of substratum size on species diversity.
RESULTS

Interactions between myxomycetes and Latridiidae beetles on woody substrata
Associations between myxomycetes and the Latridiidae are shown in Table 1 . These associations were found to be rather widespread on the left bank of Ukraine, 
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with 5 species from 4 Latridiidae genera being were found in the colonies of 13 species of myxomycetes from 10 genera. Gut content analysis (from 5 of the Latridiidae species encountered in colonies of the 25 investigated samples of 13 myxomycete species) revealed slime moulds spores in the guts of 19 individuals (Tab. 1). In 16 of those cases, the spores found belonged to the slime mould species on which the beetle was collected. Spores of Tubifera ferruginosa, Fuligo septica and Mucilago crustacea were found in the guts of Enicmus rugosus specimens not originating from colonies of those species. Other spores distinct in morphology and size were also present in the guts of those Enicmus rugosus specimens. These may also have been myxomycete spores, but their taxonomic position was not established. No slime mould spores were found in the guts of female Melanophthalma sp. individuals found on Reticularia lycoperdon or from Corticarina truncatella individuals collected on Stemonitis fusca; instead, the guts of those beetles were filled with spores of the anamorphic fungus Alternation alternata (Fr.) Keisler.
Study of the living Latridius hirtus, kept in the laboratory on aethalia of Fuligo in termedia, resulted in the following sequence of observations: adults, laying eggs in the aethalia, larvae, moult, pupae, young adults emerging from pupae.
Co-existence of myxomycetes and bryophytes on woody substrata
Altogether 13 species of myxomycetes were recorded on 9 species of moss and 3 species of liverwort associated with woody substrata in the Crimean Nature Reserve ( 
Co-existence of myxomycetes and fungi on woody substrata
In the Crimean Nature Reserve, 69 species of myxomycetes and 66 species of fungi from the Ascomycota (36), Basidiomycota (21) and anamorphic fungi (9) were collected on decaying woody substrata of coniferous and broadleaf trees. All fungi recorded were species usually regarded as wood-inhabiting. Various complexes could be distinguished according to substratum type (Tab. 3) and range of associated species (Tab. 4).
Altogether 52 associations (Tab. 3) were encountered in the Crimean Nature Reserve between slime moulds and wood-inhabiting fungi, including 7 on large fallen trunks of trees, 34 on fallen branches of various diameters and 11 on decaying stumps. The highest numbers of myxomycete and the fungal species (from 13 to 35) occurred in associations on large fallen tree trunks. Species diversity was significantly less (from 2 to 8) in associations on fallen branches (from 5 to 15 cm in diameter) and on decaying stumps.
The following fungi were dominant (Tab. 4) in associations on small woody remnants and on large fallen decaying tree trunks. Pyrenomycetes: Ceratostomella cirrhosa (Pers.) Sacc., Lasiosphaeria hirsuta (Fr.) Ces. et of various sizes, but these fungi were rare in comparison with the dominant species: they were often represented by a single record in the reserve.
DISCUSSION
Interactions between myxomycetes and Latridiidae beetles on woody substrata
Outside Ukraine, Reticularia lycoperdon (Liceales, Reticulariaceae), various species of the genus Stemonitis (Stemonitales, Stemonitaceae), in particular S. fusca, and more rarely Fuligo septica (Physarales, Physaraceae) are the most prevalent slime moulds in associations with the Latridiidae, while the genera Enicmus and Dienerella are the most wide-spread representatives of the family Latridiidae to be involved in associations with slime moulds (N e w t o n , S t e p h e n s o n 1990; S t e p h e n s o n et al. 1994) .
Within Ukraine, the same myxomycete and Latridiidae taxa were dominant in associations on the left bank. The myxomycete family Stemonitaceae (Stemonitales) was best represented, with 7 species from 5 genera, associated with 3 species of the Latridiidae, Enicmus rugosus being dominant (Tab. 1). Myxomycetes from the order Physarales were present in left bank Ukraine associations with the Latridiidae as follows (3 species from 2 genera and 2 families): Fuligio intermedia, F. septica (Physaraceae) and Mucilago crustacea (Didymiaceae). They were associated with 2 species of the Latridiidae -E. rugosus and Latridius hirtus. Both beetle species were associated with each of the 3 Physarales species. Reticularia lycoperdon (Liceales) was found from 3 locations in association with Enicmus fungicola, E. rugosus and Melanophthalma sp. (distinguenda-group -an exact species identification was not possible from the females collected). Interestingly, R. lycoperdon has been widely reported as the basic myxomycete component in associations with the Latridiidae in many parts of the world.
Among the myxomycetes connected with Latridiidae beetles in our left bank sampling sites, large aethalia (0·5-20 cm long and 0·1-3 cm thick) are typical for Reticularia lycoperdon, Fuligo intermedia, F. septica and Mucilago crustacea. Sporophores closely grouped in large and dense colonies are observed in species of the genus Stemonitis (especially S. fusca and S. splendens). Sporophores of Symphytocarpus amaurochaetoides tend to coalesce resulting in the formation of complex fruiting structures. The sporophores and aethalia of these slime moulds therefore provide sufficient spores to attract feeding by La tridiidae beetles. Together with Stemonaria longa, Comatricha nigra and some other species, they all have a long period of sporophore formation and the sporophores so formed then tend to be long-lasting. Furthermore, all of these slime mould species develop on woody substrata and have spores from 4-15 µm diam. with ornamented walls. They therefore have morphological, developmental and ecological characters which fit the criteria proposed by B l a c k w e l l (1984) for slime moulds associated with beetles.
The presence of myxomycete spores in Latridiidae gut contents shows that these beetles eat not only true fungi but also myxomycetes, while our observations of Latridius hirtus kept alive in the laboratory in defined conditions showed that at least one species is able to complete its life cycle, apparently normally, with only aethalia of one myxomycete species, F. intermedia, as food.
There are very few reports from other parts of the world of myxomycete feeding by Latridiidae beetles. A few individuals of an unknown species of Enicmus were collected on colonies of Reticularia lycoperdon from four locations in Himachal Pradesh (India): the gut contents of two were analysed and spores of R. lycoperdon found in both. A few individuals of a previously undescribed species of Dienerella were discovered on colonies of Stemonitis fusca from two locations in Himachal Pradesh: the guts content of an individual from each location were examined, and in both cases the guts were filled with spores of S. fusca (N e w t o n , S t e p h e n s o n 1990). Our results on for Latridiidae beetles and myxomycetes in Ukraine are entirely compatible with those observations. Our work therefore confirms that, in addition to the Cerylonidae, Leiodidae, Scaphidiinae (Staphylinidae), Sphindidae and some other beetle families, the Latridiidae also feed on myxomycetes.
There is some question about whether the Latridiidae are obligate or facultative feeders on myxomycetes. N e w t o n and S t e p h e n s o n (1990) considered their new species of Dienerella from India to be a facultative feeder. Results from the left bank of Ukraine suggest that Latridius hirtus, Enicmus rugosus and E. fungicola may be obligate feeders: L. hirtus, in particular, has been shown to be capable of completing its life cycle with only myxomycetes as a food supply. Corticarina truncatella, however, is more likely to be facultative: records on myxomycetes are rather rare, and it was usually found in forest litter, and on hay and other plant remains; furthermore gut content analysis shows this species can feed on fungal spores as well as those of slime moulds.
Use of myxomycetes by Latridiidae beetles extends beyond feeding: they may lay their eggs in sporophores, aethalia and plasmodia; large downy colonies of myxomycetes may provide good cover for larvae and adults. The absence of myxomycete spores in guts of Melanophthalma sp. distinguenda-group beetles from colonies of Reticularia lycoperdon suggests that the association between these beetles and myxomycetes is based on something other than a food chain -perhaps a spatial relationship -although that needs further study.
Co-existence of myxomycetes with bryophytes on woody substrata
Decaying fallen trunks, logs, large branches, decomposing stumps are good substrata for simultaneous development of a diverse biota, including slime moulds, liverworts and mosses. Myxomycetes often occur on wood overgrown with bryophytes (S t e p h e n s o n , S t u d l a r 1985; S t e p h e n s o n , S t e m p e n 1994; S c h n i t t l e r , All slime mould species found in the reserve associated with mosses and liverworts are usually considered lignicolous or corticolous: Licea minima, Stemonitis fusca, Symphytocarpus amaurochaetoides and Trichia varia, usually collected from decaying wood (I n g 1999), were also found on that substratum in the reserve. Arcyria cinerea, Echinostelium arboreum, E. minutum, Macbrideola cornea, Perichaena vermicularis and Physarum cinereum are known as typical corticolous species (M i t c h e l l 1980). In our study area most of these corticolous species also were more often noted on bark of various trees (Tab. 2). Echinostelium arboreum was the exception. In the reserve, every collection was made on moss, predominantly Leucodon sciuroides but once Hypnum cupressiforme.
Didymium trachysporum and Physarum cinereum are well documented as species developing on plant remains in the litter (I n g 1999), but there is also a report of their occurrence in association with bryophytes (S t e p h e n s o n , S t u d l a r 1985). Our results from Crimea match this pattern exactly. Some slime mould species (Arcyria cinerea, Echinostelium arboreum, E. minutum, Macbrideola cornea, Perichaena vermicularis and Physarum cinereum) developed on more than one bryophyte species. This may be evidence that some associations between myxomycetes and bryophytes are purely accidental, arising because slime moulds and bryophytes are both well-adapted to develop on the same substrata (bark or wood). The associations may, however, alternatively arise because bryophytes provide ideal protection and other ecological conditions in which slime moulds can complete their full life cycle from plasmodia to sporophores.
The relation between myxomycetes and bryophytes can be regarded as one of shared space. The bryophytes ensure temperature and humidity conditions suitable for slime mould development. Fluctuations of temperature and humidity are less inside the bryophyte thallomes than outside, so that the bryophytes function like a moist chamber for the slime moulds, providing favourable conditions for their development. This function benefits not only the myxomycetes but also the bacteria, algae and protozoa on which they feed (S t e p h e n s o n , S t e m p e n 1994). The myxomycetes produce sporophores and aethalia from plasmodia in the drier areas on the bryophyte open surfaces. Bryophytes associated with myxomycetes thus seem neither to benefit nor be damaged by them (S t e p h e n s o n , S t u d l a r 1985): bryophytes associated with slime moulds continue normal growth and reproduction, while the myxomycetes have a favourable biotope in the bryophytes communities. Interrelations between the bryophytes and the slime moulds are thus generally positive and may be classified as commensal: unilateral use of one species by another without damage.
Co-existence of myxomycetes and fungi on woody substrata
Large fallen tree trunks might be thought to provide the richest associations of slime moulds and wood-inhabiting fungi, but in fact most associations (34) were recorded on fallen branches (Tab. 3). Direct contact of fallen branches with soil allows water to accumulate in the wood. Shade and grass cover makes loss of humidity from fallen branches and temperature fluctuations in the lower layer of forest vegetation less than from large fallen trunks and stumps. The hydrothermal regime of the fallen branches and their location positively influenced formation of a significant number of associations between myxomycetes and wood-inhabiting fungi. Such associations on woody substrata of various sizes and volumes are not directly connected and can exist independently. The biotic relations within those associations can therefore be characterized as neutral.
Species diversity in myxomycete / fungal associations on woody substrata can be compared according to size and volume of the substrata sampled (Tab. 4). One possible explanation for the correlation between species diversity and size (diameter) of the woody substratum may be that larger woody remnants conserve water longer thus providing both myxomycetes and wood inhabiting fungi with better conditions for development. Substratum size may also determine the amount and availability of nutrients necessary for growth and formation of fruitbodies.
CONCLUSIONS
Co-existence and interaction between slime moulds, beetles, bryophytes and fungi have specific features for every pair of interacting organisms: at one end, the Latridiidae may be either obligate or facultative feeders on slime moulds; at the other, relations between slime moulds and wood-inhabiting fungi are neutral. Further studies are necessary to clarify the mechanisms regulating these biotic relations.
